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Voltage sensor. 

IS 

W This invention relates to a voltage sensor for 
^sensing a voltage on an electrically charged object 
^such as a distribution line or the like, the sensor 
being disposed with an insulation space to the ob- 
ject. The voltage sensor includes an amplifier circuit 
flLfor outputting a signal having a waveform similar to 
^^'that of a displacement current inflowing from the 
electrically charged object via the insulation space, 
and a filter circuit for extracting a signal having 



predetennined frequencies from the output of the 
amplifier circuit and outputting an alternating current 
wavefonm similar to the potential of the electrically 
charged object. 
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VOLTAGE SENSOR 



BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

This invention relates to a voltage sensor used 
for sensing a voltage on an electrically charged 
object such as a distribution line. 



DESCRIPTION OF THE RELATED ART: 

In a conventional zero-phase-sequence voltage 
sensing apparatus, potential transformers 
(hereinafter referred to as the "PTs") or capaci- 
tance potential devices (hereinafter refen^ed to as 
the "PDs") are used as voltage sensors installed 
associated with different phase distribution lines. In 
addition, voltage sensors, using optoelectronic 
techniques, other than PTs also have been recently 
proposed. The voltage sensors using optoelectronic 
techniques have been called optical potential trans- 
formers (hereinafter referred to as the "OPTs"). 
There are many such OPTs studied which utilize 
the fact that when a linear polarization enters an 
element having Pockels effect, put under an elec- 
tric field, crossing at a right angle with the electric 
field, the refractive indexes for two orthogonal com- 
ponents of the polarization exhibit different changes 
and also propagation velocity varies depending 
upon the intensity of the filed and as a result the 
two optical orthogonal components differ in phase, 
so that the output light becomes elllptically po- 
larized. 

Conventional PTs or PDs such as those men- 
tioned above are of the contact type in which they 
are fixed directly to electrically charged objects 
such as cables included in the distribution lines. 
Thus electrical isolation must be considered. In 
addition, there is the problem that since PTs or 
PDs use a coil, a core, capacitors, etc., the entire 
anrangement will be large and heavy and thus the 
time required for fixing them will increase. 

Since OPTs are disposed in noncontact rela- 
tionship to the distribution lines, they are good in 
terms of - isolation. They, however, need a laser 
oscillator, etc.. in order to obtain a linear polariza- 
tion and thus the entire arrangement becomes ex- 
pensive. 



. SUMMARY OF THE INVENTION 

It is a principal object of this invention to pro- 
vide a noncontact voltage sensor which has a sim- 

5 pie structure of components few in number and 
which can thus be manufactured inexpensively. 

It is another object of this invention to provide 
a voltage sensor which can improve the accuracy 
of measurement by shutting out electric fields from 

10 objects other than an electrically charged object, 
the voltage on which is to be measured. 

It is still another object of this invention to 
provide a zero-phase-sequence voltage sensing ap- 
paratus used for distribution lines in which compact 

75 sensors can be fixed to or removed away for 
exchange from the corresponding distribution lines 
in a noncontact manner. 

In order to attain these objects, according to 
this invention, a voltage sensor is disposed with an 

20 insulation space to an electrically charged object in 
order to sense a voltage on the object. The sensor 
includes an amplifier circuit which produces an 
output having a waveform similar to that of a dis- 
placement cun^ent inflowing from the electrically 

25 charged object through the insulation space, and a 
fitter circuit which extracts a signal of predeter- 
mined frequencies from the output of the amplifier 
circuit and which outputs a signal of an alternating 
current wavefonm similar to the potential of the 

30 electrically charged object. 

Other and further objects of this invention will 
become obvious upon an understanding of the 
illustrative embodiments at)out to be described or 
will be indicated in the appended claims, and var- 

J5 ious advantages not refenred to herein will occur to 
one skilled in tiie art upon employment of tiie 
invention in practices. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates Vhe structure of a zero- 
phase-sequence voltage sensing apparatus for dis- 
tiibution lines, showing one embodiment of ttiis 
45 invention; 

Rg. 2 is a cross-sectional view of a voltage 
sensor according to this invention; 

Rg. 3 is an exploded perspective view of the 
voltage sensor of Rg. 2 from which an filler is 
50 removed away; 

Rg. 4 is a block diagram roughly showing 
the circuit structure of the voltage sensor of Rg. 2; 

Rg. 5 is an electrical circuit diagram of a 
voltage sensor showing the details of ttie amplifier 
circuit and filter circuit; 
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Rg. 6 is an electrical circuit diagram de- 
tailedly showing a sensor circuit including an adder 
circuit and a power source circuit, provided in the 
zero-phase-sequence sensing apparatus shown in 
Rg.l; 

Rg. 7 shows an oscillograph which displays 
waveforms of the zero-phase-sequence voltage 
output from the sensor circuit of Rg. 6 and of three 
phase voltages on the distribution lines. 

Rg. 8 is a schematic view of an experiment 
and measurement device which compares the volt- 
age sensor according to this invention and a con- 
ventional voltage sensor; 

Rg. 9 is a diagram showing the electric 
circuit of a voltage sensor indicative of a modifica- 
tion of the electric circuit of Rg. 5; and 

Rg. 10 is a cross-sectionai view of a modi- 
fication of the voltage sensor with a curved upper 
surface. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One embodiment of this Invention will now be 
described with respect to Figs. 1 to 8. 

As shown in Rg. 1 , a plurality of voltage sen- 
sors Su. Sv and Sw having the same structure are 
disposed at approximately equal distances of in- 
sulation space from the corresponding phase dis- 
tribution lines Lu, Lv and Lw. A case 1 forming part 
of a housing of each of the sensors Su. Sv and Sw 
is channel-like, and has. at each end, mounting 
margins 2 folded Inwardly at right angles from both 
side ends and a bottom end of the case, as shown 
in Rg. 3. An Inverted channel-like cover 3 is se- 
cured fixedly to the case 1 by screws 4 Inserted 
through both end walls of the cover and the cor- 
responding mounting margins 2 of the case so as 
to cover both open ends and an upper opening of 
the case 1 (see Rg. 2). A window 5 through which 
a displacement cun^nt flows into the housing 
(hereinafter refenred to as the "displacement cur- 
rent Inflow section**) is provided in the top of the 
cover 3. The housing including case 1 and cover 3 
is made of an electrically conductive material such 
as aluminium and functions as a shield electrode 
for a detection electrode 10 to be described in 
more detail later. 

As shown in Rg. 2, fixed to the bottom of the 
case 1 through supports 6 is a base plate 7 on 
which is provided a signal processing circuit 8 to 
be described in more detail later. The ptate-like 
collection electrode, into which a displacement cur- 
rent flows, or detection electrode 10 is secured 
fixedly by means of screws 11 to upper ends of 
spacers 9 upstanding from the base plate 7. Thus 
the detection electrode 10 is disposed parallel to 



the upper surface of cover 3 and covered with and 
isolated from the case 1 and cover 3 except for 
that portion of electrode 10 opposite to the window 
5. 

5 The detection electrode 10 is made of an elec- 
trically conductive material of metal, conductive 
resin, conductive rubber or the like. In this embodi- 
ment, aluminium easy to work is used. After the 
base plate 7 and detection electrode 10 are assem- 

70 bled, the case 1 is filled up with a filler 12 of high 
permittivity. 

The signal processing circuit 8 will be de- 
scribed with respect to Figs. 4 and 5. It consists 
mainly of an amplifier circuit A and a band-pass 

IS filter circuit B. 

When the amplifier circuit A receives a dis- 
placement current from the detection electrode 10. 
it amplifies the displacement current and outputs a 
signal having a waveform similar to that of the 

20 displacement current. The specific structure of the 
amplifier circuit is as follows. An input terminal PI 
of the signal processing circuit 8 is connected via a 
variable resistor R1 to a grounding conductor El. 
The case 1 and cover 3 constituting the shield 

25 electrode is connected via a terminal P2 to the 
grounding conductor E1. A parallel circuit including 
a pair of oppositely directed diodes D1 and D2 is 
connected between both ends of the variable resis- 
tor R1 and functions as a protective circuit to shut 

30 out an excessive Input from the detection electrode 
10. 

The resistor R1 is connected to an inverting 
input terminal of an operational amplifier 0P1 while 
an noninverting input terminal of the amplifier is 
35 connected via a resistor R3 to the grounding con- 
ductor El. A parallel circuit including a capacitor 
CI and a resistor R4 is connected between the 
Inverting input terminal and output tenminal of the 
amplifier 0P1. 

40 The resistors R1 -R4. diodes D1, D2, capacitor 
01 and operational amplifier 0P1 constitute the 
amplifier circuit A, tiie output terminal of which is 
connected via a voltage follower including an oper- 
ational amplifier 0P2 to a band-pass filter B of the 

46 next stage. The follower serves to perfomn imped- 
ance conversion by providing a high input imped- 
ance and a low output impedance. 

When the band-pass filter B receives a signal 
having a waveform similar to that of a dispalcement 

50 cun'ent from tiie operational amplifier 0P2 con- 
stituting ttie voltage follower, it is anranged to selec- 
tively amplify and extract, on the basis of tiie input 
signal, a signal having an alternating curent 
waveform, ttie center frequency of which is 60 Hz. 

55 The specific circuit of the filter B is as follows. A 
series circuit including a capacitor 2 and a resistor 
5 is connected between the output terminal of tiie 
amplifier 0P2 and an inverting input terminal of an 
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operational amplifier 0P3 which has a noninverting 
input terminal connected via a resistor R6 to the 
grounding conductor El. A parallel circuit including 
a series circuit of capacitors C3, C4 and a series 
tircuit of resistors R7. R8 is connected between 
the noninverting input terminal and output terminal 
of operational amplifier 0P3. A resistor R9 is con- 
nected between the grounding conductor El and 
the junction point a of capacitors C3 and C4. A 
capacitor C5 is connected between the grounding 
conductor El and the junction point b of resistors 
R7 and R8. 

The resistors R5 -R9. capacitors C2 -C5 and 
amplifier 0P3 constitute the band-pass filter 6, the 
output terminal of which is connected via a voltage 
follower including an operational amplifier 0P4 to 
an output terminal Pu. The voltage follower per- 
forms impedance conversion by providing a high 
input impedance and a low output impedance. The 
output terminals of other voltage sensors Sv, Sw 
are shown by Pv. Pw. respectively, in Fig. 6. 

The voltage sensors Su, Sv and Sw disposed 
at the corresponding phase distribution lines Lu, Lv 
and Lw are connected to a zero-phase-sequence 
sensing unit 20 which includes a sensing circuit 21 
which in turn includes an adder circuit 22 and a 
power supply circuit 23 for the adder circuit and 
the voltage sensors. 

The adder circuit 22 synthesizes signals output 
from the respective voltage sensors Su, SV and Sw 
and selected so as to have predetermined fre- 
quencies and outputs a zero-phase-sequence volt- 
age signal VO to its output temninal P. The specific 
structure of adder circuit 22 is as follows. 

The output termianis Pu, Pv and Pw of the 
voltage sensors Su. Sv and Sw are connected via 
the conresponding variable input resistors R11, R12 
and R13 to an inverting input terminal G of an 
operational amplifier OPS which has a noninverting 
input tenminal grounded via a resistor 14. and an 
output terminal connected via a resistor R15 to the 
point Q. In addition, the output terminal of the 
amplifier OPS is connected via a voltage follower 
including an operational amplifier 0P6 and a resis- 
tor R16 to the output temninal P. The voltage fol- 
lower 0P6 serves to perform impedance conver- 
sion by providing a high input impedance and a 
low output impedance. 

The resistors R11 -R16 and amplifiers OPS and 
OPS constitute the adder circuit 22. 

The power supply circuit 23 will now be de- 
scribed. Connected to an alternating-current power 
source 100 V is the primary winding of a cunrent 
transformer 24 which has the secondary winding 
connected to a full-wave rectifier 25. A point d of 
the transformer secondary winding is connected to 
a grounding line E2. Smoothing capacitor 06 and 
capacitor C7 are connected between the plus ter- 



minal of the rectifier 25 and grounding conductor 
E2. A 3-terminal regulator 26 is connected between 
the plus tenminal of the rectifier 25 and the ground- 
ing conductor E2 and has its output terminal con- 

5 nected to a Vcc temninal. Capacitors C8 and C9 
are connected between the output terminal of the 
regulator 26 and the grounding conductor E2. 

Smoothing capacitor* CIO and capacitor Oil 
are connected between the minus terminal of the 

70 full-wave rectifier 25 and the grounding conductor 
E2. A 3-terminal regulator 27 is connected i^etween 
the minus terminal of full-wave rectifier 25 and the 
grounding conductor E2 with the output terminal of 
the regulator 27 being connected to a -Vcc termi- 

75 nal. Capacitors 12 and 13 are connected between 
the output tenminal of the regulator 27 and the 
grounding conductor E2. 

The operation of the zero-phase-sequence volt- 
age sensing apparatus constituted as above will 

20 now be described. 

In Fig. 1, the voltage sensors Su. Sv and Sw 
are disposed at approximately equal distances / 
from the corresponding phase distribution lines Lu, 
Lv and Lw. When the steady-state load currents on 

25 the basis of normal three-phase-sequence voltages 
flow through the distribution lines, displacement 
currents flowing through electrostatic capacities Cu, 
Cv and Cw formed between the respective distribu- 
tion lines Lu. Lv and Lw and ground as a reference 
^ 30 potential collect on the con-esponding detection 
electrodes 10 though the corresponding windows 5 
in the voltage sensors as the displacement current 
inflow section (Fig. 2). 

These displacement currents are applied to the 

35 conresponding amplifier circuits A of the signal 
processing circuits 8 in the voltage sensors Su. Sv 
and Sw (Rg. 5). The amplifier circuits A integrate 
and amplify the corresponding displacement cur- 
rents and output signals having waveforms similar 

40 to those of the displacement currents to the cor- 
responding operational amplifiers 0P2. When the 
signals having the wavefonns similar to those of 
the displacement cun^ents are input to the cor- 
responding band-pass filters B via the correspond- 

45 ing operational amplifiers 0P2 constituting the volt- 
age followers, the band-pass fitters B selectively 
amplify and extract signals each having an alternat- 
ing current waveform, the center frequency of 
which is 60 Hz. on the basis of the conresponding 

50 input signals. 

Thereafter, in Rg. 6. the adder circuit 22 of the 
zero-phase-sequence sensing unit 20 synthesizes 
the signals output by the respective voltage sen- 
sors Su, Sv and Sw and selected so as to have 

55 predetermined frequencies and outputs a zero- 



4 



phase-sequence voltage signal VO. as shown in 
Rg. 7, to the output terminal P. In Rg. 7, a, 7 
denote the waveforms of voltages applied to the 
distribution lines Lu, Lv and Lw, respectively. 

As described above, since the respective 
phasa-sequence-component voltages with respect 
to ground are normally equilibrated, the value of 
the zero-phase-sequence voltage Vo obtained by 
synthesis at the adder circuit 22 is zero. 

On the other hand, if ground fault occurs at any 
one of the distribution lines Lu. Lv and Lw. the 
equilibrium among the respective phase-sequence 
voltages relative to ground level will be broken. The 
signals output via the respective signal processing 
circuits 8 of the voltage sensors Su, Sv and Sw to 
the zero-phase-sequence sensing unit 20 are syn- 
thesized by tlie adder circuit 22 and as a result a 
zero-phase-sequence voltage of a constant value is 
sensed. Thus the occun^ence of ground fault in any 
one of the distribution lines is detected. 

The housing, including case 1 and cover 3. of 
each of the voltage sensors Su. Sv and Sw func- 
tions as a shield electrode which efficiently pre- 
vents the inflow of displacement cun'ents from ob- 
jects other than the distribution line, the voltage on 
which Is to be measured, so that the measurement 
is hardly influenced adversely by other distribution 
lines. 

The following irieasuremept was performed in 
order to compare the output characteristics of the 
voltage sensors in the zero-phase-sequence volt- 
age sensing apparatus according to this invention 
with the output characteristics of PDs and voltage 
sensors X each utilizing a Pockels effect element 
having a conventional structure. 

As shown in Rg. 8. the voltage sensors X were - 
directly connected to the corresponding distribution 
lines Lu. Lv and Lw and the PDs were assembled 
on the conresponding outer insulation jackets of the 
lines. The voltage sensors according to this inven- 
tion were each disposed at a distance / of 100 mm 
under the conresponding distribution line, as in Rg. 
1. One of the distribution lines was put under a 
condition similar to grounding. The signals output 
from the voltage sensors X and PDs disposed for 
the conresponding distribution lines were synthe- 
sized by the adder circuit 22 and measured. 

When the line voltages were each set to 6.9 
kV, the residual voltage was 65 mV in the use of 
the conventional voltage sensors X and 4.38 mV In 
the use of the PDs while the residual voltage was 
13.5 mV in the use of the voltage sensors accord- 
ing to the present invention. 

Rg. 9 shows a modification of the signal pro- 
cessing circuit 8, shown in Rg. 5. according to this 
invention. The amplifier circuit A includes no resis- 
tor such as the variable resistor R1 shown in Rg. 5 
while the output temninai PI of the detection elec- 



trode 10 is connected via a resistor R2 to an 
inverting input tenninal of the operational amplifier 
0P1. This circuit arangement also operates in a 
way similar to that of the above embodiment. 

5 Rg. 10 shows an alternative to the voltage 
sensor shown in Rg. 2. 

In the embodiment of Rg. 2 a filler 12 is filled 
into the ease 1 alone while in the voltage sensor of 
the embodiment of Rg. 10 a filler 12 having the 

70 same high permittivity is not only filled into the 
case 1 and cover 3 but also molded so as to 
sunround the case 1 and cover 3 with the top of the 
molding being formed into a curved surface cir- 
cular arc-like in cross section. Thus when this 

75 sensor is installed outdoors, high-permittivity rain- 
water is prevented from collecting on the upper 
surface of the sensor, so that the sensing sensitiv- 
ity of the sensor is maintained constant. 

It should be noted that while in this modiflcar 

20 tion the top of the molding is formed curved, it is 
not limited to this shape. The top of the molding is 
only required to have a shape to remove rainwater 
therefrom. For example, the molding top may be of 
a ridge roof type or the entire top may be of a 

25 slanted plane type. 

This invention should not be limited to the 
above resp)ective embodiments and may be con- 
stituted as follows: 

(a) A high-permittivity material is disposed at 
30 the* displacement current inflow section atK)ve the 

detection electrode 10. 

(b) While in each of the respective embodi- 
ments mentioned above the entire case 1 is filled 
up with high-permittivity filler 12. a molding is in- 

35 stead fomfied around the detection electrode 10 
alone using a high-permittivity molding material. 

In the (a) and (b), the presence of a high- 
pemnittivity material between a distribution line, the 
voltage on which is to be measured, and the cor- 

40 respondihg detection electrode 10 serves to im- 
prove the sensing sensitivity of the detection elec- 
trode 10. 

(c) The cover 3 Is removed from the housing 
so that a bottomed box with an upper end alone 

45 being open is fonned in which the open end is 
used as the displacement cunrent inflow section. 
The detection electrode 10 is disposed within the 
case 1 so as to be situated under the inflow sec- 
tion. 

50 As many apparently widely different embodi- 
ments of this invention may be made without de- 
parting from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in 

55 the appended claims. 
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Claims 

1. A voltage sensor for sensing a voltage on an 
electrically charged object, said sensor being dis- 
posed with an insulation space to the electrically 
charged object, comprising: 

an amplifier circuit for receiving a displacement 
current from said electrically charged object via 
said insulation space and outputting a signal having 
a waveform similar to that of said displacement 
current; and 

a filter circuit for extracting a signal having pre- 
determined frequencies from the output of said 
amplifier circuit and outputting a signal having an 
altemating cun^ent waveform similar to the potential 
of said electrically charged object. 

2. A voltage sensor of claim 1, further includ- 
ing: 

an inflow section through which the displacement 
current from said electrically charged object flows 
into said sensor; 

a collection electrode for collecting the displace- 
ment cun^ent from said inflow section, and 
a shield electrode having a shape to cover said 
collection electrode except for that portion of said 
collection electrode opposite to said inflow section, 
said shield electrode being made of an electrically 
conductive material and maintained at all times at a 
reference potential. 

3. A voltage sensor of claim 2, wherein said 
shield electrode includes a housing for accom- 
modating said collection electrode and wherein 
said inflow section includes an open window 
formed In said housing. 

4. A voltage sensor of claim 2. wherein said 
housing includes a base plate for mounting thereon 
said amplifier circuit and said filter circuit on the 
opposite side of said collection electrode from said 
open window, and means for fixing said base plate 
and said collection electrode to said housing at 
predetermined intervals. 

5. A voltage sensor of claim 4, wherein said 
housing includes a filler of high permittivity for 
enveloping at least said collection electrode. 



6. A zero-phase-sequence voltage sensing ap- 
paratus for distribution lines comprising: 

a plurality of voltage sensors each disposed with 
an insulation space to a corresponding distribution 

5 line for sensing a voltage on the distribution line, 
said sensor including an amplifier circuit for output- 
ting a signal having a waveform similar to that of a 
displacement current from said distribution line, 
and a filter circuit for extracting a signal having 

10 predetermined frequencies from said amplifier cir- 
cuit and outputting a signal having an altemating 
current waveform similar to the potential of the 
distribution line; and 

a zero-phase sensing unit including an adder circuit 
IS for synthesizing the output signals from the respec- 
tive voltage sensors and producing a zero-phase- 
sequence voltage signal. 

7. An apparatus of claim 6. wherein said volt- 
age sensor further includes: 

20 a housing including an inflow section through which 
a displacement current from said distribution line 
flows thereinto, said housing being made of an 
electrically conducting material and maintained at 
all times at a reference potential; 

25 a collection electrode accommodated within said 
housing so as to have a portion opposite to said 
inflow section for collecting a displacement current 
from said inflow section; and 
means for disposing said amplifier circuit and said 

30 filter circuit within said housing. 

8. An apparatus of claim 7, wherein said hous- 
ing includes a filler of high permittivity for enclos- 
ing at least said collection electrode. 

9. An apparatus of claim 8. wherein said filler 
35 includes a portion exposed outside said housing. 

and a raise for removing rainwater at that position 
of said exposed portion con^esponding to said in- 
flow section. 

10. An apparatus of claim 6, wherein said am- 
40 plifier circuit includes a protective circuit for shut- 
ting out an excessive input from the con^esponding 
distribution line. 
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